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session intervalsTo the Editor,
Many studies have aimed to optimize repetitive transcranial
magnetic (rTMS) protocols, focusing on shortening protocol length,
increasing plasticity effect size, and decreasing variability. The
Theta Burst protocols (TBS) for example require only minutes of
application duration and reportedly induce less variable and longer
lasting plasticity effects compared to classic rTMS protocols [1].
Intermittent TBS (iTBS) is a 3-min protocol, which has been shown
to increase cortical excitability for up to 1-h post stimulation [1].
However, several studies have reported difficulty in replicating
these established iTBS effects [2e6]. It is important that such find-
ings are reported to combat positive publication bias, especially
since iTBS is increasingly used in both research and clinical envi-
ronments. If iTBS effects on excitability, possibly extended to clin-
ical treatment efficacy, are not very reliable, then research on
protocol optimization must continue.
Given its short duration, iTBS has also been administered
repeatedly within one visit/day (‘accelerated iTBS’), which might
stabilize and/or amplify neuroplastic effects. Accelerated iTBS pro-
tocols were recently applied in depression treatment with positive
results [7,8]. Hypothetically, accelerated iTBS could not only
shorten the treatment process, but also lead to enhanced and
more stable (reliable) effects on cortical excitability. Initial iTBS ses-
sions could prime, normalize, or amplify the neuroplastic effects of
subsequent sessions [9]. However, the efficacy of accelerated iTBS
has never been empirically demonstrated through objective,
neurophysiological measures in healthy volunteers.
In the study detailed in the Supplementary Material, we investi-
gated the effects of standard iTBS (single-iTBS session) and acceler-
ated iTBS (five repeated iTBS sessions) on motor cortical excitability,
assessed with motor-evoked potentials (MEPs) in 20 healthy partic-
ipants. We included two short inter-iTBS intervals, 15 minutes and 8
minutes, evaluating effects on magnitude and variability of MEPs. In
this fully within-subject design, effects of standard and accelerated
iTBS were compared to placebo (sham) iTBS. We analyzed whether
accelerated iTBS had stronger, more consistent aftereffects when
compared to standard iTBS, if 8 minutes versus 15 minutes between
iTBS protocols had different results, and if these effects were longer
lasting. MEPs were measured every 10 minutes for up to 90 minutes
following each procedure.
TMSwas applied through a MagVenture figure of 8 TMS coil and
X100 stimulator, using neuronavigation to mark the individual mo-
tor hotspot. Each iTBS session consisted of the Huang et al. (2005)
published protocol, at an intensity of 80% Active Motor Threshold
(AMT). To elicit MEP's; single pulses were given at 120% Restinghttps://doi.org/10.1016/j.brs.2019.05.012
1935-861X/© 2019 Elsevier Inc. All rights reserved.Motor Threshold (RMT) in blocks of 30 pulses per time point. All
participants completed all 4 experimental sessions, none reported
negative side effects.
Overall we found no significant effect of accelerated iTBS or
standard iTBS motor cortex stimulation on MEP amplitude, both
when baseline-normalized and when subtracted from placebo re-
sponses (detailed results are described in Supplementary Material).
In post-hoc analysis, wewanted to better understand the pattern of
responses. These analyses were therapeutically motivated; an
opposite response to iTBS, i.e. a decrease instead of an increase of
excitability, could be harmful to patients, and therefore if acceler-
ated iTBS has fewer opposite responders this would be clinically
relevant. In our iTBS protocol, 40% of participants responded with
a decrease in MEP amplitude, i.e. the ‘opposite’ response, while
only 20% showed this opposite response after accelerated iTBS
(with either 15 or 8 minute intervals between iTBS sessions),
though these differences in distributions were not statistically sig-
nificant. Details and further post-hoc analysis are described in Sup-
plementary material. Experimental design, response distributions,
MEP responses over time, and placebo-subtracted MEP responses
over time are shown in Fig. 1.
In line with several previous reports, we did not find increased
MEP amplitudes after standard iTBS relative to placebo iTBS [2e6].
Importantly, we found that accelerated iTBS did not amplify/stabi-
lize neuroplastic effects, since neither the accelerated 8 nor 15-min
interval protocols had significant effects on MEPs. There are several
reasons for why we found no effect of both single and accelerated
iTBS on motor cortex excitability.
First, we hypothesized that accelerated iTBS exerts its effects
through different plasticity mechanisms than a single session of
iTBS, whichwould be represented throughMEP amplitude. Howev-
er, MEPs are notoriously variable, with reportedly large inter-and
intra subject variability following iTBS protocols [5]. Additionally,
we assessed excitability changes immediately and up to 90 minutes
after stimulation. In the clinic, where accelerated iTBS proved
promising [7,8], effects are assessed weeks after treatment. It is
possible that the additive plasticity effects of accelerated iTBS
cannot be revealed by MEP measurements immediately following
stimulation.
Another reason why we see no additive plasticity effects of
accelerated iTBS might be the short intervals between repeated
iTBS protocols. Animal studies in rat hippocampal slices have
shown that a delay of 1 hour between iTBS sessions was necessary
for additive LTP effects to occur [10]. Specifically, the longer inter-
protocol intervals were required for recruitment of synapses that
were not affected by the first iTBS stimulation. The first iTBS session
Fig. 1. A. Each iTBS session consisted of the Huang et al. (2005) published iTBS protocol of 5Hz triplets repeated at 50Hz; repeated for 2 seconds, with 8 seconds in between. These
were given with 8 or 15 minutes between sessions. For real stimulation the coil was held tangential to the skull, and perpendicular to the skull for placebo. B. Responses from 0 to 60
minutes following stimulation were averaged. Greater than 110% baseline MEP amplitude was counted as a facilitated response, less than 90% was counted as an inhibited response,
and between 90% and 110% was counted as an unchanged response. C. 3 Baseline measurements were taken (Base 1e3) before stimulation, then measurements every 10 minutes
from 0 to 90 minutes following stimulation. Presented error bars are standard error of the mean. D. 3 Baseline measurements were averaged, and 30-min time bins were calculated
for the post-rTMS measurements. Presented error bars are standard error of the mean.
A.C. Thomson et al. / Brain Stimulation 12 (2019) 1301e13031302is thought to induce LTP in low-threshold synapses, and to lower
the threshold for higher-threshold synapses. However, short breaks
of 10e30 minutes are not long enough for these high-threshold
synapses to be lowered [10]. There is evidence that 40e50 minutes
is required for the initiation and protein synthesis of the synaptic
machinery necessary for refractory LTP effects in synapses with
different plasticity thresholds [10].
It is important to publish these negative findings to combat pub-
lication bias and to promote future studies considering the vari-
ability and patterns of response in brain stimulation protocols.
Furthermore, accelerated iTBS has already been explored in treat-
ment, making it especially relevant to communicate failures to
reproduce hypothesized effects on basic neurophysiological mech-
anisms. Combining our negative findings with previous animal
studies, we conclude that it may take multiple iTBS sessions and/
or longer intervals (45e60 minutes) between sessions for synapses
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